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by Monatomic Layer Control
T. Shima, T. Moriguchi, S. Mitani, K. Takanashi, H. Ito, and S. Ishio
Abstract—Magnetic domain structures and perpendicular
magnetic anisotropies for 10-ordered FePt alloy films have
been investigated. The films were prepared by alternating Fe
(001) and Pt (001) monatomic layers on MgO (001) substrates at
low temperatures below 230 C. In addition to the fundamental
(002) peak, (001) and (003) superlattice peaks have clearly been
observed in the X-ray diffraction patterns, indicating the forma-
tion of 10-ordered structure. The magnetization measurements
show that all the samples are perpendicularly magnetized. Good
magnetic squareness (Mr/Ms 0.9) from the magnetization curves
are obtained and highly interconnected stripe domain patterns
are observed for the samples grown atTs 160 C.
Index Terms—Domain structure, FePt alloy, 10-ordered
structure, monatomic layer deposition, perpendicular magnetic
anisotropy.
I. INTRODUCTION
A N -ordered FePt alloy with large magnetic anisotropy[1] has attracted much attention in recent years, since it is a
potential material for applications to ultrahigh density recording
media and bias magnets in monolithic microwave integrated
circuits. Many studies were reported for Fe–Pt alloy films ob-
tained by conventional deposition techniques [2]–[6] such as
sputtering and molecular beam epitaxy. It is well known, how-
ever, that the substrate temperature during deposition and/or
the post annealing temperature are needed to be high (usually
more than 500 C) for preparing highly ordered FePt films.
For practical use, it is essential to reduce the growth temper-
ature. Recently, several works on lowering the ordering tem-
perature were reported by multilayering [7], [8] or ion irradi-
ation [9], [10]. However, the temperatures necessary for high
chemical order were still quite high 300 C . In a previous
paper, we have successfully prepared theordered FePt films
[11], [12] using alternate monatomic layer deposition technique
[11]–[15], since the structure (CuAu [I] type) consists of al-
ternating monatomic layers of the two elements. Large uniaxial
magnetic anisotropyKu erg/cm and high chem-
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ical ordering (long-range order parameter ) have
been obtained even at the substrate temperature C. In
this paper, we investigate the relationship between the perpen-
dicular anisotropy and the magnetic domain structure of Fe–Pt
monatomic multilayer films.
II. EXPERIMENTAL PROCEDURE
Samples were prepared using an UHV deposition system
with two independent e-guns. An Fe seed layer of 10was
deposited on a MgO (001) substrate, and subsequently an
epitaxial Pt (001) buffer layer of 400 was grown at 70 C.
Monatomic layers of Fe (1.4 ) and Pt (2.0 ) were deposited
alternately at various substrate temperatures in the range
from 120 to 230 C. The repetition of both Fe and Pt layers
was 50 times. The typical deposition rate was 0.1s. The
thickness was controlled based on the values monitored by a
quartz crystal oscillator. X-ray diffraction was performed for
structural characterization. Magnetic properties were measured
by a SQUID magnetometer at room temperature. Domain
structures of as-prepared demagnetized samples were observed
by magnetic force microscope (MFM). The mono-pole type
tips [16] were used and the distance between tip and sample
was kept at 30 nm. The spatial resolution of the MFM system
was 25 nm.
III. RESULTS AND DISCUSSION
The epitaxial growth of Fe and Pt layers was confirmed by
RHEED. The RHEED patterns for the uppermost Pt layer of
the films grown at 120 C [see Fig. 1(a) and (b)] and 230C
[see Fig. 1(c) and (d)]. The direction of incident electron beam
([100] or [110] azimuth) is described in Fig. 1. The sharp su-
perlattice spots corresponding to the chemical order were
seen clearly at C. In addition, from the position of
the superlattice spots, the-axis of ordered structure
is considered to be perfectly oriented perpendicular to the film
plane. By increasing the substrate temperature to 230C, the
patterns turned streaky, showing that the film surface is rela-
tively flat and epitaxially grown.
X-ray diffraction patterns for the films grown at 120C,
160 C, 200 C, and 230 C are shown in Fig. 2(a)–(d),
respectively. In addition to the fundamental (002) and (004)
peaks, (001) and (003) superlattice peaks of the face centered
tetragonal phase have clearly been observed for all the samples,
indicating the formation of ordered structure. The unla-
beled sharp peaks are due to the MgO substrate. No peaks from
0018-9464/02$17.00 © 2002 IEEE
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Fig. 1. The RHEED patterns for the uppermost Pt layer of Fe–Pt monatomic
multilayer films grown at (a) and (b) 120C and (c) and (d) 230 C. The
directions of incident electron beam are shown in each figure.
Fig. 2. X-ray diffraction patterns for Fe–Pt monatomic multilayer films grown
at different substrate temperatures. (a) Ts= 120 C, (b) 160 C, (c) 200 C,
and (d) 230 C.
the other planes of ordered structure are seen. The sharp
and intense superlattice peaks are observed for samples grown
at Ts C. However, the intensities of superlattice peaks
decrease with decreasing Ts, indicating the reduction in the
degree of chemical ordering. The chemical ordering parameter
are in the range from 0.3 to 0.8, depending on Ts. The detail
procedure for evaluation was described elsewhere [11]. High
chemical ordering can be achieved for Ts C.
Magnetization curves for the films grown at different sub-
strate temperatures are shown in Fig. 3. The easy axis is perpen-
dicular to the film plane for all the samples, since the [001] ori-
entation of tetragonal ordered structure is perpendicular to
the film plane. The magnetization curve for Ts C shows
very different behavior from that for the other . The max-
imum magnetic field of 55 kOe for the SQUID measurement
is not sufficient to saturate the magnetization in the in-plane
direction for Ts C, indicating the existence of large
uniaxial magnetic anisotropy (Ku). Ku was determined from
Fig. 3. Magnetization curves for Fe–Pt monatomic multilayer films grown at
different substrate temperatures. (a) Ts= 120 C, (b) 160 C, (c) 200 C, and
(d) 230 C.
Fig. 4. Magnetic force microscopy images (size: 7.8m 7.8m) for Fe–Pt
mo atomic multilayer films grown at different substrate temperature: (a) Ts=
120 C, (b) 160 C, (c) 200 C, and (d) 230 C.
he area enclosed between the magnetization curves in applied
fields parallel and perpendicular to the film plane.
For Ts C, the in-plane magnetization curves extrap-
olated to saturation were used. Ku increases with Ts, and its
values are 1.4 10 , 2.3 10 , 3.0 10 , and 4.1 10 erg/cm
for Ts 120, 160, 200, and 230C, respectively. This is quite a
large value comparable to that of bulk ordered FePt alloy (7
10 erg/cm ) [1]. Good magnetic squarenessMr Ms
has been also obtained for the samples grown at Ts
C. The value of are 1.7 kOe for Ts C, and
then decreases to 800 Oe for Ts C. increases again
for Ts C.
MFM images (size: 7.8 m 7.8 m) for the films grown
at different are shown in Fig. 4. The remarkable differ-
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ence in the magnetic domain structures is observed between
Ts C and Ts C. The change in the magnetic do-
main structure is well consistent with the magnetization curves
as shown in Fig. 3. For Ts C, the domain size is small;
approximately 200–300 nm, and the shape is random. On the
other hand, the large interconnected domain patterns are ob-
served for Ts C, indicating the existence of a strong
perpendicular anisotropy.
For Ts C, the demagnetizing process is dominated by
the nucleation of magnetization reversal followed by the domain
wall displacement. Once the nucleation occurs somewhere, the
domain with the opposite magnetization vector grows rapidly,
leading to small coercive forces in spite of large Ku. The mech-
anism for nucleation is not clear; however, it is reasonable that
the nucleation field decreases with decreasing Ts through the de-
crease in Ku. The zigzag- shaped small limb connected to large
domain are observed in the domain pattern for Ts C.
These limbs are possibly caused by the structural disorder, that
is, the parts with insufficient chemical order. For Ts C,
the RHEED patterns [see Fig. 1(a) and (b)] confirm the forma-
tion of alternate stacking of Fe and Pt monatomic layers. How-
ever, the X-ray diffraction pattern [see Fig. 2(a)] indicates that
the degree of long range order is quite low. We consider the
homogeneity of chemical order is poor and there are a lot of
structural imperfections; this may cause randomly shaped small
domains and the increase in the coercive force. Further inves-
tigation including the MFM observation in applied magnetic
fields are necessary to elucidate the relationship between the
microstructure, the magnetic domain structure and the magne-
tization process.
IV. CONCLUSION
-ordered FePt alloy films with perpendicular magnetiza-
tion have been prepared by alternating Fe (001) and Pt (001)
monatomic layers at temperatures below 230C, which are
lower than the process temperatures reported so far for getting
high chemical ordering. Large uniaxial anisotropy energy and
good magnetic squareness for perpendicular magnetization
have also been obtained even for Ts C. The intercon-
nected domain structures representing the large perpendicular
anisotropy are clearly observed for Ts C.
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